A greenhouse study was conducted to investigate the effect of bentonite on zinc concentrations in radish and corn irrigated with wastewater. The experimental units were plastic pots with a capacity of 5 kg and 14 kg for radish and corn, respectively. The soil was mixed with increasing doses of bentonite equivalent to 0, 30, 60 and 90 t•ha −1
Introduction
In view of the large consumption of water in irrigated crops and the scarcity of water in certain regions, it is essential to use it rationally and avoid waste. Thus the reuse of water has taken up considerable importance. Wastewater has beneficial effects on crops, both as a source of water and as a source of nutrients for metals is a primary route of toxic element exposure to humans. Toxic metals can enter the human body by consumption of contaminated food crops, water or inhalation of dust.
Heavy metal, such as, zinc, is essential for normal body growth and functions of living organisms and is referred to as essential elements [3] . This element, detected in the wastewater, may come from petrochemicals industries, sewage, trash, among other sources, for example, the use of zinc-based fertilizers such as zinc oxide, zinc sulfate, zinc nitrate and zinc chloride.
The ability of a metal species to migrate from the soil into plant tissues is referred to as bioaccumulation factor (BF). It is calculated as a ratio of concentration of a specific metal in plant tissue to the concentration of the same metal in soil, both represented in the same units [4] . Higher BF values (≥1) indicate higher absorption of metal from soil by the plant and higher suitability of the plant for phytoextraction and phytoremediation. On the contrary, lower values indicate poor response of plants towards metal absorption and the plant can be used for human consumption [5] .
The maximum tolerable value for vegetables, roots and tubers and other fresh foods, according to Brazilian legislation for the zinc element is 50 mg•kg −1 [6] .
However, the heavy metal contents in the dry matter causing symptoms of plant phytotoxicity are 70 -400 mg•kg −1 [7] .
For treatment of wastewater there are several technologies, and among these, adsorption of heavy metal is an effective method. Recent studies have emphasized the efficiency of zeolite and bentonite in the immobilization of heavy metals by the adsorption method, minimizing contamination by these metals in soils and waters [8] [9]. Sheta et al. [10] found that zeolite and bentonite have a high
Zn and Fe retention potential.
Bentonite, found in large quantities in the municipality of Boa Vista, State of Paraíba, is predominantly composed of clay minerals from the group of smectite and quartz impurities. Some varieties are also composed of kaolinite and ilite [11] . The bentonite material, from the Primavera deposit, of inferior quality, has been studied for a long time as a soil conditioner, mainly by adsorbing heavy metals. The results of these studies have shown favorable effects both on the adsorption of these metals and on the chemical and physical properties of the soils [12] . The efficiency of each clay-mineral in removing the metal cations from the soil/effluent systems should be evaluated for each of these cations separately.
Thus, this research aimed to study the effect of bentonite on zinc concentrations in radish and corn irrigated with wastewater.
Material and Methods
This experiment was carried out in a greenhouse at the Agricultural Engineering Department, Federal University of Campina Grande, Paraiba, Brazil, using soil samples collected in the superficial layer (0 -20 cm) of Eutrophic Red Latosol [13] . These samples were air-dried, crushed, sieved through a 2 mm sieve and chemically characterized according to [14] presenting the following attributes: Initially, during the conduction of the experiments, the soil was dried, sieved and mixed with the dose of bentonite corresponding to the treatments. The mixtures of soil with bentonite were conditioned in plastic vessels, placed in field capacity with water supply and incubated for 20 days. Planting fertilization was carried out, according to Novais et al. [15] , so as to provide in the vessels of 5 and 14 kg of soil, cultivated with radish (Raphanus sativus) and maize (Zea mays L.), respectively, 1.11 and 3.11 g of urea at 1.25 and 3.5 g of potassium chloride reafter the dried material was milled for analysis of the plant tissues. These tissues (0.3 g) were digested using HNO 3 (8 ml) and HClO 4 (6 ml) i.e., nitroperchloric digestion (3:1) [14] . After the digestion, Zn concentration in plant tissue was analyzed by plasma mass spectrometry (ICP-OES) according to the methodology performed by Oliva et al. [16] .
The amount of zinc accumulated in the shoots (AS) and roots (AR) of the plant (mg/pot) was calculated according to Equation (1).
( ) ( ) ( ) dry biomass of the shoots g or of roots g concentration of element mg kg mg or pot 1000
The translocation factor (TF) gives the leaf/root zinc concentration and depicts the ability of the plant to translocate the metal species from roots to leaves (shoot) at different concentrations. This index was calculated according to Equation (2) [17] .
zinc concentration in the shoot mg kg zinc concentration in the root mg kg TF =
The translocation index (TI) was determined according to Equation (3) [18] . 100 amount of Zn accumulated in the complete plant
The bioaccumulation factor (BF), an index of the ability of the plant to accumulate a particular metal with respect to its concentration in the soil substrate [19] , was calculated according to Equation (4) or Equation (5). 
The Assistat Software version 7.7 [20] was employed to analyze the obtained results, by using the F test and regression polynomials, which were used to adjust the data when significant.
Results and Discussion
Radish dry root biomass (DBR), ranging from 1.79 g (0 t•ha −1 of bentonite) to 2.72 g (90 t•ha −1 of bentonite), was influenced by the doses of bentonite (Table 1) , corresponding to an increase of 51.56% of the highest dose relative to the control (Figure 1(a) ).
In the case of corn, application of bentonite to the soil resulted in an increase of root dry weight of around 3.14% (Figure 1(b) ) corroborating [21] who found that bentonite and zeolite mixed with soil provided an increase in biomass and corn and bean crop development. Similarly, Youssef [22] working with these clays verified a significant increase in growth, productivity and chemical composition of potato (Solanum tuberosum L.). (a) (b) Figure 1 . Dry biomass of the radish (a) and corn (b) roots irrigated with lower quality water, due to increasing doses of bentonite.
The significant effect of the addition of bentonite to the soil in the development of several plants may be due to its positive effect on the cation exchange capacity (CEC), thus favoring the release of nutrients to the plant. Bentonite, according to Marschner [23] , also performs as a fertilizer, increasing micronutrients and macronutrients in soil as well as other biochemical processes related to plant growth.
The concentration of Zn in radish roots, which was significantly influenced by the doses of bentonite (Table 2) , ranged from 75.49 to 48.28 mg•kg −1 , reducing the order by 36.04% when comparing the control with the highest dose ( Figure  2(a) ).
The average concentration of zinc in roots of radish (Table 2) is above the tolerable maximum value for human consumption of vegetables, roots and tubers and other fresh foods which is 50 mg•kg −1 of zinc [6] .
It is important to emphasize that this culture was irrigated with water having zinc in the maximum concentration allowed to discharge effluents. Even so, it is The application of bentonite to the soil influenced the concentration of Zn in the aerial part (CS) of the corn, with a reduction of 27.81% in this concentration when the control was compared with the highest dose (Figure 2(b) ). However, this reduction, in this case, was not effective enough to make the concentration below the maximum tolerable, contrary to what was observed by Khan et al. [28] .
These authors, studying soil contamination by heavy metals through irrigation with water containing heavy metals and uptake of these metals by food crops, found that the concentration in the soil and in the edible parts of plants for zinc .
. The amount zinc accumulated in the radish root (AR) (Figure 3(a) ) had a quadratic behavior ranging from 0.139 to 0.094 mg/pot, promoting a reduction of 32.26% as a function of increasing doses of bentonite, which means that the application of this clay to the soil was beneficial (Table 3 ).
In the case of corn, the bentonite incorporated into the soil promoted a reduction of 23.38% in the Zn accumulation in the aerial part of the crop ( Figure  3(b) ).
By the analysis of variance (Table 4) , the bentonite doses did not significantly influence the transfer factor of the Zn of the cultures, however the regression showed by the linear behavior, the significance in the culture of radish and corn (Figure 4 ). In the case of radish, the transfer factor of Zn ranged from 0.723 to 0.975 that is, an increase of 34.85%, while in the corn, a decrease from 1.08 to 0.86, around 20.04% was observed. Most TF values obtained for Zn in this study were less than 1.0 suggesting that roots may regulate the transport of Zn to shoots.
Bentonite applied to the soil had a significant effect, at a 5% probability level in IT for corn (Table 4) , showing a linear behavior (Figure 4 ) ranging from 82.01% to 75.92%, that is, a reduction in the order of 7.42% when comparing the control with the highest dose. This reduction showed that the concentration of Zn in the aerial part, where the edible part of the corn is located, decreased, thus avoiding entry into the food chain. The zinc bioaccumulation factor (BFP) in the radish was significantly reduced in a quadratic manner 23.29% (Table 5 ) with the incorporation of bentonite doses varying from 3.01 to 2.31 of the control at the highest dose ( Figure 5(a) ).
The BFP of corn reduced linearly around 24.29% ( Figure 5(b) ). Bentonite doses positively favored BFR only for the radish reducing 38.93%, according to Figure   5 (c).
The BFP and BFR values were higher than those observed by Mirecki et al. [29] that is, these authors found BF for corn from 0.1 to 0. According to Sajjad et al. [30] if the transfer coefficient of a metal is greater than 0.5, the plant will have a greater chance of the metal contamination by anthropogenic activities. However, the reductions in both BFP and BFR as a function of bentonite applied to the soil, were beneficial; due to the large surface area and high cation exchange capacity, this clay has a high adsorption potential of metallic cations, such as zinc, reducing the absorption of this element by the roots of the plants and consequently, reducing its transport to the edible part of the plant. These results had the same behavior in relation to the effect of bentonite in the removal of copper and cadmium of soil irrigated with low quality water [31] [32].
Conclusion
According to the conditions of this research, the incorporation of bentonite to the soil irrigated with water of inferior quality favored the development of radish and corn; allowed the retention of the Zn metal in the soil, reducing the concentrations of this metal in the root of the radish and in the aerial part of the corn;
decreased the transfer of zinc from the soil to the plants under study.
